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0 Conditioning of the atmosphere over perishable goods. 



@ A transport vehicle 74 has a storage compart- 
ment 72. An apparatus for the separation of a gas 
mixture by pressure swing adsorption has a pipeline 
2 communicating with the atmosphere outside the 
compartment 72 and with an inlet to compressor 4 
forming part of the apparatus. The inlet of the com- 
pressor 4 also communicates with a conduit 3 which 
has an inlet in communication with the interior of the 
compartment 72. The apparatus also includes col- 
umns 10 and 12 each containing a bed of carbon 
molecular sieve which adsorbs oxygen, carbon diox- 
ide and hydrocarbons more readily than nitrogen. In 
operation, the apparatus provides nitrogen enriched 
air to the storage compartment 72 via a conduit 30 
to form a drculating atmosphere that helps to pre- 
serve perishable produce stored therein. 
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TRANSPORT OF PSJISHABLE GOODS 



This invention relates to the storage and trans- 
pOTt of perishable goods, in particular harvested 
fruit vegetables and cut flowers. 

It has been proposed to transport such goods 
under a protective atmosphere consisting essen- 5 
tially of nitrogen. The atmosphere may also contain 
a few per cent by volume of oxygen and some 
carbon dioxide. It has further been proposed to fit a 
vehicle for transporting such produce with a nitro- 
gen generator of the kind that separates air by io 
pressure swing adsorption. In this proposal, all the 
air admitted to the nitrogen generator is supplied 
from outside the perishable goods storage com- 
partment of the vehicle. This proposal has two 
main disadvantages. Hrst, there will be a tendency is 
for gases (particularly ethylene), evolved by ttie 
produce to linger in the container and accelerate 
deterioration of the goods. Second, there is a ten- 
dency for the atmosphere in the storage compart- 
ment to stagnate. It Is an aim of the present inven- zo 
tion to provide a method and apparatus ttiat over- 
comes or ameliorates this problem. 

According to the present invention there is 
provided a method of storing perishable produce or 
goods in a storage container, including the step of as 
withdrawing atmosphere from the storage contain- 
er, mixing it with air, separating from the gas mix- 
ture a gaseous product whose nitrogen content is 
greater than that of the mixture, and returning said 
nitrogen product to the storage container to create so 
a storage atmosphere comprising nitrogen-enriched 
air. 

The invention also provides a container for the 
storage of perishable produce or goods, having 
associated therewith apparatus for separating nitro- as 
gen from a gas mixture comprising air and at- 
mosphere withdrawn from said container, a first 
inlet for said atmosphere to said apparatus, a sec- 
ond inlet for air to said apparatus, and an outlet for 
nitrogen product from the apparatus, said outlet 40 
communicating with the interior of the storage con- 
t^ner. 

Preferably, the storage container is reieasably 
mountable in an aircraft, on a sea-going vessel or 
on a wheeled or other vehicle to enable the perish- 4S 
able produce to be transported from one chosen 
location to another. 

Preferably, the gas mixture is separated by 
pressure swing adsorption or by membranes. If 
pressure swing adsorption is chosen as the means so 
of separating the gas mixture, a molecular sieve 
adsorbent is desirably chosen of a kind that in use 
adsorbs oxygen, carbon dioxide and hydrocarbons 
more readily than nitrogen. Carbon molecular sieve 
fulfils this requirement. Accordingly, gases such as 



ethylene evolved by the produce during storage 

are removed by the adsorbent and thus it is possi- 
ble to maintain in the storage container an at- 
mosphere which keeps to a minimum ageing of the 
produce. An^ogously, if a membrane separator is 
employed, membranes of a kind which are more 
permeable to oxygen, carbon dioxide and hydro- 
carbons than to nitrogen are preferably selected. 

The gas separation apparatus may be located 
within the storage container itself (but having one 
inlet and one exhaust in communication with the 
outside abnosphere) or is alternatively located out- 
side the container. 

Typically, any compressor or vacuum pump 
forming part of the separation apparatus is power- 
ed pneumatically (e.g from its own compressed air 
supply) hydraulically or electrically, typically by 
means of a tapping from an electrical power supply 
associated with a transport vehicle on which the 
apparatus is mounted. 

Preferably, the pressure swing adsorption cycle 
operates with an adsorption step at elevated pres- 
sure and desorption step at atmospheric pressure. 
Accordingly, tiie product gas is produced at ele- 
vated pressure. If desired, the exhaust gas may be 
passed through a heat exchange coil in heat ex- 
change relationship wiUi the atmosphere in the 
storage container so as to provide some cooling for 
this atmosphere. 

The position of the inlet leading from the stor- 
age container to the gas separation plant and the 
outlet from the gas separation plant to the con- 
tainer may be such as to promote the circulation of 
gas within the container. 

The invention will now be described by way of 
example with reference to the accompanying draw- 
ings, in which : 

Figure 1 is a schematic diagr^ illustrating a 
gas separatior) plant for use in tine invention; and 

Rgure 2 and 3 are respectively a schematic, 
partly cut-away, plan view, partty in section, and a 
side view, of a tranport vehicle incorporating the 
plant shown in Figure 1 . 

Referring to Rgure 1 of the drawings there is 
shown a gas separation plant for use in the method 
and apparatus according to the invention. The illus- 
trated plant includes an air feed pipeline 2 leading 
to a compressor 4. An atmosphere intake pipe 3 
has one end able to be placed in communication 
with the storage compartment (not shown in Rgure 
1) of a transport vehicle and its other end terminat- 
ing in the pipeline 2. The outlet of the compressor 
4 communicates with an inlet conduit 6. The inlet 
conduit 6 is able to be placed in communication 
with either one of columns 8 and 10 containing 
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beds 12 and 14 respectively of carbon molecular 
sieve adsorbent. The columns 8 and 10 are sub- 
stantially identical to one another, as are the beds 
12 and 14. A stop valve 16 (also refenred to herein 
as an on-off valve) is operable to place the bottom 
of the bed 12 in communication with the inlet 
conduit 6 or to deny communication between the 
bed 12 and the inlet conduit 6. Analogously, a stop 
valve 18 is operable to place the bottom of the bed 
14 in communication with ttie inlet conduit 6 or to 
deny such communication. 

The plant shown in Figure 1 is provided vwth an 
outlet conduit 20 terminating in a reservoir 28. A 
stop valve 22 is operable to place the top of the 
bed 12 in communication with the reservoir 28 via 
the conduit 20 or to prevent such communication. 
Analogously, a stop valve 24 is operable to place 
the top of the bed 14 in communication with the 
resen/oir 28 via the conduit 20 or to deny such 
communication. The reservoir 28 typically has a 
larger volume than either the bed 12 or the bed 14. 
In the conduit 20 there is disposed a non-return 
valve 26 which is adapted to be open only when 
the pressure upstream of it exceeds the down- 
stream pressure (i.e. the pressure in reservoir 28). 
The reservoir 28 has an outlet communicating with 
a pipeline 30 for product gas. In the pipeline 30 is 
disposed a flow control valve 32 which can be 
operated to withdraw nitrogen product from the 
reservoir 28 at a chosen rate. 

There is also an outlet conduit 34 for waste or 
desorbed gas. The outlet conduit 34 exhausts gas 
to outside the storage compartment of the transport 
vehicle. A stop valve 36 is operable to place the 
bottom of the bed 12 in communication with the 
atmosphere via the conduit 34 or to deny such 
communication. A similar stop valve 38 is operable 
to place the bottom of the bed 14 in communica- 
tion with the atmosphere via the conduit 34 or to 
deny such communication. There is also a conduit 
50 which when open places Itie bottom of the bed 
12 in communication with the bottom of the bed 14. 
A similar conduit 52 places the top of the bed 1 2 in 
communication with the top of the bed 14. A stop 
valve 54 is disposed in the conduit 50 and when 
closed denies communication between the two 
beds, a similar stop valve 56 being located in the 
conduit 52. 

The valves 16, 18. 22, 24, 36, 38, 54 and 56 
are ail automatically operated in a manner well 
l<nown in the art and the timing of the opening and 
closing of these valves may be dictated by a 
programmable valve controller 60. 

In operation, at the start of a cycle, the bed 12 
is at atmospheric pressure and the bed 14 is at its 
maximum pressure being in communication with 
the compressor 4. The cycle starts with the beds 
1 2 and 1 4 being placed in communication with one 



another through the conduits 50 and 52. In this 
phase of the cycle, valves 16, 18, 22, 24, 36 and 
38 are all in their closed positions and valves 54 
and 56 are open. Since the pressure in bed 14 is 

5 greater than that in the bed 12, unadsorbed 
nitrogen-enriched gas in the spaces between in- 
dividual particles of adsorbent in the bed 14 flows 
through conduits 50 and 52 into ttie bed 12. During 
this first phase of the cycle, and ail others nitrogen 

TO product is continuously withdrawn from the reser- 
voir 28 through the outlet pipeline 30. There will 
typically be fluctuations in the pressure in the res- 
ervoir 28, but the reservoir 28 Is preferably sized 
such that such fluctuations in delivery pressure are 

15 relatively small and such that the average delivery 
pressure is in the order of or a little below the 
maximum pressure that obtains during the cycle in 
the vessels 8 and 1 0. For example, the pressure in 
the reservoir 28 may range between 7 and 8 al- 
so mospheres absolute and the compressor 4 may 
typically have an outlet of 8 atmospheres absolute. 

After a period of time of a few seconds se- 
lected to be sufficient for the pressure in the bed 
12 have equalised or nearly equalised with the 

25 pressure in the bed 14, the next phase of the 
operating cycle starts. Thus, the controller 60 gen- 
erates signals to close valves 54 and 56 and to 
open valves 16, 22 and 38. Accordingly, a mixture 
of atmosphere taken from the storage compartment 

30 air Is fed into the bed 12 from the compressor 4 
and the pressure in the bed 12 is gradually in- 
creased and reaches the value of the pressure in 
the reservoir 28. During this period oxygen is ad- 
sorbed by the carbon molecular sieve to leave in 

35 the vessel 8 an unadsorbed gas mixture enriched 
in nitorgen. It will be appreciated that during the 
previous pressure equalisation step unadsorbed 
nitrogen-enriched gas has been supplied from the 
vessel 14 to the vessel 12. In addition, the flow of 

40 product quality gas from the reservoir 28 to the top 
of the bed 12 which takes place whenever there is 
a pressure difference therebetween helps to ensure 
ttiat the first gas delivered to the reservoir 28 
during the adsorption phase of the bed 12 is of 

45 satisfactory purity. This first delivery takes place 
once the pressure in the bed 12 exceeds ttiat in 
the reservoir 28. The non-retum valve 26 then 
permits gas to flow into the reservoir 28. This flow 
of gas from the bed 12 into the reservoir 28 contin- 

50 ues for a chosen period of time. Typically, the bed 
12 receives compressed air from the compressor 4 
for a period in the order of a minute or so during 
any one adsorption step. The adsorption step is 
typically allowed to continue for just so long as the 

55 purity of the gas delivered to the reservoir 28 
remains acceptable. 

During all the period in which the bed 12 is in 
communication with the compressor 4 the bottom 
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of the bed 14 communicates with the atmosphere 
through the valve 38. Accordingly, residual unad- 
sorbed gas in the bed 14 is vented and, as the 
pressure in the vessel 10 drops, so previously 
aJsorbed oxygen is desorbed and this gas is vent- 
ed as well. By *iis means, the adsorbent in the bed 
14 is regenerated ready for the next adsorption 
step that it has to perform. 

The next step in the operating cycle is to 
perform another equalisation of the pressure be- 
tween the beds 12 and 14. The previous phase 
ends and the pressure phase equalisation is started 
by the controller 60 generating signals to dose the 
valves 16, 22 and 38 and to open the valves 54 
and 56. This pressure equalisation phase of the 
operating cycle is analogous to the first phase, 
except that in this instance the flow of nitrogen-rich 
gas is from the bed 12 to the bed 14. The duration 
of this pressure equalisation phase is equal to the 
duration of the first pressure equalisation phase 
and its end is marked by the valves 54 and 56 
being closed by virtue of signals from the controller 
60 and the valves 18, 24 and 36 being opened by 
such signals. The final phase of the operating cycle 
the commences. This phase is analogous to the 
second phase (in which the bed 12 is adsorbing 
and the 14 is being regenerated) except ttiat in this 
instance It Is the bed 14 ttiat adsorbs oxygen from 
incoming compressed air while the bed 12 is re- 
generated by being subjected to atmospheric pres- 
sures. 

At the end of ttiis fourth and final phase of the 
operating cycle the valves 18 and 24 and 36 are 
closed by virtue of signals from the controller 60 
and the valves 54 and 56 are opened again by 
such signals so that the cycle can be repeated. 

During the entirity of the cycle, nitrogen prod- 
uct is withdrawn at a chosen rate from the reservoir 
28 through the outlet 30 and is passed into the 
storage compartment. The operating cycle of the 
plant shown in Figure 1 is arranged so that the 
average rate of intake of atmosphere through con- 
duit 3 equals the average rate of venting gas (to 
the atmosphere) through the conduit 34. There is 
thus no net flow into or out of the storage compeut- 
ment. 

The separation plant shown In Figure 1 may be 
disposed in a transport vehicle in the manner 
shown in Figures 2 and 3. The compressor 4, 
columns 8 and 10, reservoir 28, and controller 60 
are disposed along one side of a storage compart- 
ment 72 of a wheeled transport vehicle 74. The 
storage compartment may typically be used to 
transport fruit or other fresh produce (not shown). 
The pipeline 2 communicates with the external 
environment through the roof of compartment 72 so 
as to keep to a minimum the quantity of vehicle 
exhaust fumes that are drawn into the pleuit. The 



conduit 34 is preferably made of a good thermal 
conductor to facilitate transfer of heat from the 
atmosphere in the compartment 72 to the gas 
being vented and thereby helps refrigerate the at- 

3 mosphere. The conduit 34 terminates with the envi- 
ronment outside the compartment 72 and extends 
through the roof of the compartment 72. 

The pipeline 30 preferably terminates within 
the compartment 72 at a region remote from the 

TO conduit 3 so as to promote circulation of atmo- 
sphere within the compartment 72. 

Typically, the compartment 72 has an outer 
solid door 76, and an inner mesh door 78 to enable 
access to the interior of the compartment 72 to be 

IS gained. There are desirably safety interlocks asso- 
ciated with the controller 60, whereby operation of 
ttie compressor 4 cannot take place when the door 
76 is open and whereby there is a predetermined 
time period starting with the opening of the door 76 

20 before it is possible to open the door 78, the time 
period being sufficient for the oxygen content of 
the atmosphere in the compartment 72 to be re- 
stored to about 20% by volume. 

From start-up, the gas separation plant is rela- 

25 tively rapidly able to reduce the oxygen concentra- 
tion of the atmosphere in the compartment 72 
from, say, 20.9% to a chosen value typically in the 
range 1 to 5% by volume. Any gases such as 
ethylene that promote ripening and that are 

30 evolved by the produce being stored will be in- 
cluded in the gas intake to the adsorbers from the 
interior of the compartment and will be adsorbed 
by the molecular sieve. Accordingly, the apparaftjs 
according to the invention helps to reduce deteiio- 

35 ration of the produce. 



Claims 

40 1 . A method of storing perishable produce or 
goods in a storage container, including the steps of 
withdrawing atmosphere from the storage contain- 
er, mixing it with air, separating from the gas mix- 
ture a gaseous product whose nitrogen content is 

45 greater than that of the mixture, and returning said 
nitrogen product to the storage container to create 
a storage atmosphere compri^ng nitrogen-enriched 
air. 

2. A metiiod as claimed in claim 1, in which, 
50 the gas mixture is separated by pressure swing 

adsorption or by membranes. 

3. A method as claimed in claim 1 or claim 2, 
in which the separation is effected using a molecu- 
lar sieve adsorbent of a kind that in use adsorbs 

56 oxygen, carbon dioxide and hydrocarbons more 
readily than nitrogen. 

4. A method as claimed in claim 3, in which the 
adsorbent is carbon molecular sieve. 
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5. A method of storing perishable produce sub- 
stantially as described herein with reference to 
Figures 2 and 3 of the accompanying drawings. 

6. A container for the storage of perishable 
produce or goods, having associated therewith ap- 5 
paratus for separating nitrogen from a gas mixture 
comprising air and atmosphere withdrawn from 
said container, a first inlet for said atmosphere to 
said apparatus, a second inlet for air to said ap- 
paratus, and an outlet for nitrogen product fronn the io 
apparatus, said outlet communicating with the inte- 
rior of the storage container. 

7. A container as claimed in claim 6, wherein 
the container is releasably mountable in an aircraft, 

on a sea-going vessel or on a wheeled or other is 
vehicle whereby the perishable produce or goods 
are able to be transported from one chosen loca- 
tion to another. 

8. A container as claimed in claim 6 or claim 7, 
wherein said apparatus comprises means for sepa- zo 
rating the gas mixture by pressure swing adsorp- 
tion or by membranes . 

9. A container as claimed in claim 8, wherein 
said means for separating the gas mixture utilises a 
molecular sieve adsorbent of a kind that in use 25 
adsorbs oxygen, carbon dioxide and hydrocarbons 
more readily than nitrogen. 

1 0. A container as claimed in claim 9, in which 
the molecular sieve adsorbent is carbon molecular 
sieve. 3o 

11. A container as claimed in any one of claims 
6 to 10, wherein the gas separation apparatus is 
located within the storage container itself (but has 
one inlet and one exhaust in communication with 

the outside atmosphere). as 

12. A container as claimed in any one of claims 
6 to 10, wherein the gas separation apparatus is 
located outside the container. 

13. A transport vehicle having a storage con- 
tainer, which is substantially as described herein 4o 
with reference to Rgures 2 and 3 of the accom- 
panying drawings. 
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@ Conditioning of the atmosphere over perishable goods. 

(g) A transport velilole 74 lias a storage compartment 72. An 
apparatus for the separation of a gas mixture by pressure swing 
adsorption has a pipeline 2 communicating with the atmosphere 
outside the compartment 72 and with an inlet to compressor 4 
forming part of the apparatus. The Inlet of the compressor 4 
also communicates with a conduit 3 which has an inlet In 
communication with the interior of the compartment 72. The 
apparatus also includes columns 10 and 12 each containing a 
bed of carbon molecular sieve which adsorbs oxygen, carbon 
dioxide and hydrocarbons more readily tlian nftrogen, in 
operation, the apparatus provides nitrogen enriched air to the 
storage compartment 72 via a conduit 30 to form a circulating 
atmosphere that helps to preserve perishable produce stored 
therein. 



FIG. 2 




LU 



Bundesdruckeret Berlin 




European Patent 
Office 



EUROPEAN SEARCH REPORT 



Appllcattan Number 

EP 88 30 4148 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



A 
A 
A 
A 



Citation of document with indication, where appropriate, 
of relevant passages 



US-A-4 142 372 (K. KATO et al.) 

* claims 1-4; column 3, lines 20-28 * 

EP-A-0 150 325 (A. E. BESSELING) 

* claims 1,8; figure 1 * 

DE-A-3 203 701 (V. P. BELJAKOV et al . ) 

* claims 1-3 * 

US-A-3 360 380 (K. BEDROSIAN) 

* claims 1-4 * 



Relevant 
to claim 



1-3,6, 
12 

1-6,9 
1,2,6,8 



CLASSIFICA1I0N OF THE 
APPLICATION ant. CI. 4) 



B 01 D 53/04 
B 65 D 88/74 
A 23 B 7/144 



TECHNICAL FIELDS 
SEARCHED ant. OA) 



The present search report has been drawn up for all claims 



A 23 B 7/00 
B 01 D 53/00 
B 65 D 88/00 



Place of scared 


&ate of conviction of (he seardt 




BERLIN 


04-08-1989 


BERTRAM H E H 



CATEGORY OF CITED DOCUMENTS 



X : particularly relevant if taken alone 

Y : particularly relevant If combined with another 

document of the same category 
A : technological background 
0 : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited in the application 
L : document cited for other reasons 

& 1 member of the same patent family, corresponding 
document 



